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Biphotonic Microscopy for in 
vitro, in vivo tissue 
phenotyping and cell tracking 
Romain Fleurisson et Laurence Dubreil 
APEX UMR 703 INRA Oniris: two main original features 
 
Synergy between two fields of expertise 
 
 Veterinary pathology 
 Fluorescence bio-imaging 
 
 
A large spectrum of investigated animal species including  
   animal models and target species 
 
 
 
 
 
 
 
 
Multiscale fluorescence bio-imaging 
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APEX : Multiscale fluorescence Bio-imaging 
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Quantitative pathology workstation  
• High sensitive GaAsp Non Descanned Detectors 
 
• Auto laser alignment 
 
• Tunable laser range  680-1300 nm, pulse width<120fs  
0,6W (1300nm) and 1,3W (900 nm). 
 
• Dual wavelenght option IR: Insight Deepsee, tuning wih 1040 nm 
(fixed) 
 
• Multimodal imaging,  Multiphotonic fluorescence, SHG, THG 
Biphotonic Microscopy 
• 1931, Discovery Two Photon absorption. M. Goeppert-Mayer (1906-1972) 
 
  
Biphotonic Microscopy 
Excitation 488 nm 
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2Photon excitation 
• Spatial confinement  • Temporal confinement 
2Photon excitation Condition 
Principle 
Biphotonic Microscopy 
 
• Two photon excitation needs pulsed lasers 
 
• A pulsed laser allow to get High Power in Small time 
 
• Each of the two photons provides half the energy necessary to the electronic transition 
of the excited molecule 
• Temporal confinement  2Photon excitation Condition 
Biphotonic Microscopy advantages 
• Spatial confinement  2Photon excitation Condition 
• Focal plane of the objective 
 
• Combination of 2P emission fluorescence and second harmonic generation (SHG) 
 
• 2PEF = localisation of fluorophores 
 
• SHG = dense structure without centro symmetry lem = lIR excitation/2 
Collagen Type I 
 
• THG = sub micrometric interface   lem = lIR excitation/3 
 Lipid bodies 
 
 
 
 
 
Biphotonic Microscopy : Many contrast modes 
400 1000 600 800 1200 
nm 
I 
IR excitation SHG THG 
Biphotonic Microscopy advantages 
Major Inputs of 2Photon excitation:  
 
- Deeper tissue penetration  
IR excitation wavelength 
Long working distance objective  
   
- Reduction of the photoxicity   
Only focal excitation 
 
- Imaging of living tissue    
Low photoxicity 
 
- Imaging of harmonic signals  
Free labeling  
• ScaleA2, 4 M urea, 10% glycerol and 0.1% Triton X-100, (Hama et al., 2011) 
• Clarity, acrylamide and bisacrylamide, clearing tissue, Chung et al., 2013) 
• uDISCO, BENZYLE ALCOOL (BA), BENZYLE BENZOATE (BB) ET DBE,  
          P. CHENCHEN ET AL., 2016) 
• LUCID-A, 2,2’Thiodiethanol (Y. Aoyagi et al., 2015) 
? 
? 
CLARITY 
lexc 950 nm + Clarity  
Brain section 1mm , Neurons GFP       Neun-AL555 
Brain section 1,7 mm , Neurons GFP       Neun-AL555 
LUCID-A uDISCO Clarity Scale 
Neun Neun Neun GFP 
10 
Deep Investigation of Tissue   
Combination of clearing methods and biphotonic microscopy : 
(1 to 2 mm) 
Tissular Phenotyping by using 2P Microscopy 
 
for pathology investigation  
 
and  
 
therapeutic efficacy assesment 
Pompe Disease : sarcomeric anomalies, 2P microscopy 
Sarcomeric anomalies 
Interruption of the myosin bands 
 = black holes of autophagic area  
• Glycogen storage in lysosomes 
   deficience in acid-α-1,4-glucosidase (GAA) 
• 1/40 000 birth 
• infantils  form : cardiomyopathy+ myopathy+ neuronal 
effects (DeRuisseau et al, 2009) 
Duchenne Myopathy: fibrosis investigation by 2P 
microscopy 
Arterial wall structure, 2P microscopy 
SHG collagen Elastic fibers 
autofluorescence 
Effect of residual doses of pesticide on the vessel wall 
Long term intravital imaging of autophagosome accumulation 
 in Pompe skeletal muscle during pathologic developement 
 and for therapeutic assesment    
Julien Pichon/Carine Ciron, PhD project U1089/UMR703 
Vascular permeability, 2P microscopy 
Cell tracking by using nanoparticles  
 
and biphotonic microscopy, 
 
application for Cell Therapy  
Fluomag Multimodal nanoparticles for cell tracking 
Electromagnetic/fFuorescence Nanoparticles 
Magnetic resonance imaging 
 
Fluorescence imaging 
NPs Imaging modalities Resolution Imaging depth 
10-100µm 
0,25 µm 
Whole body 
300µm 
Elena ISHOW CEISAM Univ. 
Nantes  
Nanoparticules : BiFeO3 non centrosymetric nanocrystals, 
range 100-120 nm SHG and THG signals.  
L Bonacina et al. APB 2007 
Y. Nakayama et al. Nature 2007 
.  
Comprehensive and review papers: 
D. Staedler ACS Nano (2012) 
L. Bonacina, Molecular Pharmaceutics  (2013) 
A. Rogov et al. IOP J. of Optics (2015) 
BiFeO3 non centrosymetric 
nanocrystals 
Luigi BONACINA 
GAP Biophotonics,  
University of Geneva, 
Switzerland 
THG (Chi3) is proportional to (Chi2) SHG for 
BFO NPs , Chi2>10-12m/V 
Heterobifunctional PEG 
amino and azide end groups  
for further functionalization 
 Sandrine Gerber  
BFO-PEG : HNPS highly brightness and multiwavelenght  
excitation 
Thickness : 1,4 mm 
HNPS, highly brightness = Tracking of HNPS in  depth 
SHG 1040 nm 
 
SHG 1300 nm 
 
THG 1300 nm 
Dual excitation 
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Cell therapy of 
muscle diseases 
Karl Rouger 
INRA UMR 703, Oniris, Nantes, France 
hMustem Cells, therapeutic agent for Duchenne Myopathy 
BFO-PEG cell labeling 
• % of HNPs labelled cells counted for the two 
concentrations. 
       Day 1 corresponds to 24 hrs after labelling procedure. 
* 
Lysotraker EEA1 Phalloidine 
1100 nm 950 nm 1040/1300 nm 
HNPs Subcellular localization HNPs cytotoxicity 
HNPs cell labelling efficacy 
BFO-PEG labelled MuStem cell tracking in muscle, proof of 
concept 
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Lamin A/C antibody 
Red : human  nuclei 
Blue : Nanoparticles (SHG) 
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Intramuscular 
Injection  
Muscle  
cryosections 
Immunolabeling 
to improve the  
tracking of cells 
? 
? 
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nm 
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HNPs labeled cell tracking 
APEX : New offer for cell tracking 
Biphotonic microscopy 
to investigate cell imaging 
In living tissue 
Harmonic Nanoparticules 
for cell labeling + 
Biodistribution of cells in organ with high resolution  
Cell therapy 
Immunotherapy 
APEX UMR 703 INRA Oniris  Order on www.h-np.ch 
APPLICATIONS 
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